Skóra W, Stańczyk R, Pajor A, Jozefowicz-Korczyńska M. Vestibular system dysfunction in patients after mild traumatic brain injury. Ann Agric Environ Med. 2018; 25(4): 665-668. doi: 10.26444/aaem/81138 Abstract Introduction. In the literature there are some discrepancies concerning the occurrence of vertigo and disequilibrium, as well as the type of vestibular dysfunction in patients after mild traumatic brain injury (MTBI). Objective. The aim of the study was to assess the type of vestibular system dysfunction in MTBI patients after injury at baseline and 6-month follow-up. Materials and method. From a group of 188 patients with vertigo/dizziness and balance instability after MTBI, prospective analysis in 50 patients with abnormal videonystagmography (VNG) were conducted. Anamnesis, otoneurological examination, self-assessed Dizziness Handicap Inventory (DHI) and VNG test were carried in each patient twice -at baseline and after 6 months. Results. A significant improvement in the DHI total score (9.8 points, p<0.001) and in the subscales was found after 6 months. At baseline, VNG test showed the peripheral vestibular system dysfunction in 19 cases (38%), central vestibular dysfunction in 20 patients (40%) and mixed vestibular dysfunction in 11 cases (44%). After 6 months, the VNG records normalization was observed in 19 patients (38%), an improvement was significantly more frequently related to peripheral disorders, compared to central ones (p<0.001). Conclusions. In patients after mild traumatic brain injury, about one-fourth of them had vestibular system dysfunction with the same frequency of peripheral, central and mixed lesions in videonystagmography. Subjective post-traumatic symptoms and vestibular system dysfunction in patients after MTBI decrease after 6-month follow-up. However, more than half of patients still have abnormal VNG results, which indicate dysfunction of the central vestibular system.
INTRODUCTION
The continuous development of civilization and an associated rapid growth in the incidence of motor crashes and ensuing injuries are the reason why general practitioners, laryngologists or neurologists more often consult the victims of those accidents who are suffering from posttraumatic vertigo or disequilibrium. The number of traumatic injuries is increasing immensely in industrialized countries and mild traumatic brain injury (MTBI) is one of the most common types [1] [2] [3] [4] [5] . Patients after severe head injuries are often referred to the ambulatory emergency care units and those with mild traumas seek medical care from family physicians or general practitioners at outpatient departments or speciality healthcare centres at various times after injury. However, according to Nygren-de Boussard et al. [6] , some patients with MTBI do not visit a physician at all. The diagnostic criteria for MTBI established by the American Congress of Rehabilitation Medicine include loss of consciousness, chronic headache, dizziness, feeling dazed or confused, the occurrence of post-traumatic memory disturbances, and cognitive or emotional disorders arising from experienced injuries [7] .
The main causes of head injuries are traffic accidents, incidents during sports and leisure activities or accidents at work. During multi-organ injuries, the head is the region of the human body most susceptible to trauma. Such injuries appear to be a direct cause of up to 50% of post-traumatic deaths and most cases of permanent injury-related disabilities [1, 4, 8] . Epidemiological data on the incidence of head injuries are difficult to determine in different countries on the basis of routinely collected data. In the United States, it is estimated that 1.5-2 million people sustain head trauma annually, of which 400,000 require hospitalization. However, many injuries are not included in the statistics because patients do not always seek help [1, 2, [4] [5] [6] [7] [8] .
'Post-traumatic dizziness/vertigo' is a term that indicates a common etiology for a very heterogeneous presentation of peripheral and central vestibular system dysfunction. Patients with benign positional paroxysmal vertigo (BBPV) as a result of a traumatic event constitute a different diagnostic and treatment group [9] [10] [11] . In literature, there are quite divergent data on the incidence of imbalance and dizziness after head traumas. This incidence, according to the results of studies reported by various researchers, varies from 14% -20-90% for non-hospitalized patients, depending on the established criteria [12, 13] . However, the incidence rate of abnormal results in objective vestibular function tests in such patients is in the range of 32 -61% [13, 14] . The duration of post-traumatic dysfunction of the balance system is varied. In patients after head injury, dizziness or vertigo persists from one week to several years [15] [16] [17] [18] [19] [20] . In the case of mild head injury, the symptoms of the post-concussion syndrome, including those of the balance system, may last for a year or even longer in 10 -15% of patients, and this percentage increases to 28% in moderate traumatic injuries [1, 21] . Dizziness after brain injury is also a risk factor for a prolonged recovery [22] .
OBJECTIVE
There are only a few research papers in the literature that present the divergent data on vestibular system impairment after head traumas. Most of these studies evaluated authors' diagnostic protocol without subsequent follow-up observations. Consequently, the aim of this study was to analyse the type of vestibular system dysfunction in MTBI patients with persisting dizziness and/or imbalance, and assess a 6-month follow-up.
MATERIALS AND METHOD
Fifty patients (26.6%) from a group of 188 subjects who were diagnosed for vertigo/dizziness and balance instability after MTBI at the Balance Disorder Unit, Otolaryngology Department, Medical University in Lodz, Poland, were subject to a prospective analysis. The study design was approved by the Bioethics Committee of the Medical University in Lodz (No. RNN/87/12/KE).
Patients after MTBI, 1 -2 months prior to the study, with persistent dizziness and/or imbalance symptoms, meeting the criteria of the World Health Organization (WHO) of 2004 [25] were included in the study. According to these criteria, MTBI diagnosis should be based on the occurrence of at least one of the 4 following elements in the patients not requiring surgical treatment: 1) loss of consciousness for not more than 30 minutes; 2) posttraumatic amnesia not longer than 24 hours; 3) any alteration in mental state (feeling dazed or disoriented); 4) any episode of dizziness and disequilibrium; or transient neurological disorders (focal, paroxysmal symptoms).
Patients with normal results of videonystagmography (VNG) and those with a prior history of any balance or ear disorders were excluded from the study.
The study group of 50 patients after MTBI with persistent symptoms of dizziness / disequilibrium lasting for more than a month, comprised 22 women and 28 men, aged 16 -77 years (mean age: 44.4 ± 13.6 years). All patients were interviewed and completed a questionnaire which included information on the type and circumstances of the injury, ailments, loss of consciousness and general state of health and lifestyle. All subjects also completed the Dizziness Handicap Inventory (DHI), a 25-question instrument used for self-assessment of disability due to dizziness. It is divided into 3 components that assess the physical (e.g., Does looking up increase your problem?), emotional (e.g., Because of your problem, do you feel frustrated?) and functional (e.g., Because of your problem, do you have difficulty getting into or out of bed?) person's symptoms. A total possible score of 100 is the result of 36 points from the emotional scale (9 items), 36 points from the functional scale (9 items) and 28 points from the physical scale (7 items). Answers are graded 0 (never), 2 (sometimes), and 4 (always). Higher scores indicate a greater degree of impairment. The result in the range of 0 -39 points manifest a mild form of the disorder, 40 -69 points -a moderate form, and 70 -100 points -a severe form of the disorder [23] .
The vestibular system was evaluated based on the results of videonystagmography VNG (Ulmer SYNAPSIS 2008) in all patients. The VNG examination assessed spontaneous ocular movements with eyes open and closed, positional tests, ocular-motor tests -smooth pursuit, optokinetic and saccadic tests, kinetic stimulation with torsion swing test, and caloric test by the Fitzgerald-Hallpike method. The results were determined as peripheral, central or both (mixed) impairments. Clinical and VNG examinations as well as DHI were conducted twice: at the baseline visit and 6-month follow-up visit.
Statistical analysis was performed by Statistica version 6.0 Software. The results are expressed as means with standard deviation (SD) and data were checked for normality by the Shapiro-Wilk. Comparisons between the baseline examination and the 6-month follow-up were carried out using the Student's t-test, and the Wilcoxon's test was applied when the test assumptions were not met. For parameters presented in a nominal scale, the frequency of occurrence of the classes concerned was calculated. Frequency comparisons were performed with the χ2 test, and the Fisher exact test was used if the test assumptions were not met. Values of p<0.05 were accepted as significant.
RESULTS
The most common causes of injury were traffic accidents -16 patients (32%), accidents at home or those occurring as a result of robbery/assault -10 patients (20%), during sports events -9 patients (18%), and accidents at work -4 patients (8%).
Dizziness occurred immediately after injury in 28 patients (56%), while in 22 patients (44%) after a few days to several weeks. At the baseline examination, patients also reported ailments associated with the balance system, such as walking instability -23 patients (46%), non-systemic panic attacks -21 people (42%), static balance impairment -20 people (40%). Short-term loss of consciousness related to trauma occurred in 23 patients (46%) and lasted less than 30 minutes in all cases. At the follow-up, 6 months after the traumatic injury, the patients most frequently reported non-systemic dizziness -12 subjects (24%), followed by walking disorders -9 subjects (18%), static imbalance -6 subjects (12%), and paroxysmal dizziness -3 subjects (6%). There were no patients with concomitant vegetative disorders. A statistically significant decrease in the incidence of all equilibrium disorders was found (p <0.05).
Comparing the results of subjective assessment with the use of the DHI questionnaire during the first (baseline) and second examination 6 months after the injury, the most significant difference was found in the total scoring, i.e. in a decrease by 9.8 points (p<0.001). Smaller differences, although also statistically significant (p<0.001), were observed in the functional (-3.8 points), physical (-3.2 points) and emotional (-2.7 points) subscales (Tab. 1). After the 6-month follow-up, an improvement in DHI scoring was detected in 6 patients (12%), which was high enough to transfer those patients from the group of moderate injuries to that with mild disorders. In addition, 2 subjects (2%) from the group with severe injuries were allocated to moderate and mild head injury groups.
The initial VNG examination showed that 19 patients (38%) had the features of the peripheral vestibular system impairment, 20 patients (40%) had dysfunction of the central part, and in 11 patients (22%), the features of both dysfunctions were recorded. After 6 months, the normalization of VNG records was observed in 19 patients (38%). An improvement was significantly more frequently related to peripheral disorders as compared to central ones (19 subjects vs. 4, p <0.001). In 31 patients (62%), features of vestibular dysfunction were still noted. These patients were found to have statistically more frequent central disorders compared to peripheral ones (34% vs. 8%, p<0.001) (Fig. 1) .
DISCUSSION
In the presented study, dizziness/vertigo and imbalance were the main symptoms reported by patients after trauma. On the first examination, 40% of patients stated unsteadiness when walking, periodic spatial orientation disorders, and static imbalance. Those disturbing ailments were the cause of seeking help from an otolaryngologist. Literature reports demonstrate that their prevalence ranges from 14% -90% depending on the accepted criterion [16, 24] . Such a large variety of data in the literature results from the fact that nonsystemic post-traumatic dizziness manifests itself in a very heterogeneous manner, and is affected by various factors, such as the severity and type of injury, coexisting illnesses, intensity of the ailment, emotional state and psychological type of the patient, as well as his/her willingness to return to work [1, 17, 20] .
After 6 months, non-systemic dizziness was reported by nearly a quarter of patients in the analyzed group. This is not surprising because the literature reports demonstrate that the time of symptoms' assessment and the range of performed tests in patients after injury are very different. Hoffer et al. [25] observed that persistent dizziness and balance instability were the predominant symptoms 3 months after head trauma. Ernst et al. [15] , in a group of 63 patients with dizziness who were examined between 3 weeks to 3 months after traumatic injury, found various otoneurological disorders such as perilymphatic fistula and peripheral lesions, including otolithic and central ones.
Patients in the current study subjectively evaluated their symptoms by completing the DHI questionnaire twice. After 6 months, there was a statistically significant decrease in the symptom intensity in all evaluated domains, and hence the transition of patients to the group of moderate and mild disorders was observed. These results coincide with the data provided by Basford et al. [14] who showed significant differences in DHI scores in traumatic patients compared to a control group. Kaufman et al. [21] , in 10 patients examined on average 2.8 years after brain injury, found statistically significant correlations between the outcomes of the physical subscale of DHI and post-urography results, as did Lin et al. [17] . Gottshall et al. [26] reported improvement in the results obtained in the DHI questionnaire and dynamic visual acuity examination performed weekly for 4 weeks in patients after mild traumatic head injury.
In the presented study, only those patients were included in whom vestibular impairment was diagnosed in the initial VNG examination. In this test, features of the peripheral and central vestibular dysfunction were identified in approximately 40% of patients. There is a small number of studies with which these results can be compared. Naguib et al. [18] demonstrated that at the early stage after head injury, central vestibular lesions were more frequently identified in the VNG test than peripheral ones (60% vs. 24%, respectively). However, the authors investigated patients with different levels of head trauma severity. Marzo et al. [27] , while evaluating 16 patients who were diagnosed from 1 -6 months after injury due to imbalance and dizziness, found abnormal results of the balance tests in half of the patients. Suh et al. [19] , in the eye-tracking test in patients both at the early stage and after 5 years of a follow-up, observed inter alia impaired tracking predictability, which correlated with cognitive impairment in those patients. Davies and Luxon [13] in their study on 100 patients after head injuries of different levels of severity, including 72% with mild trauma, observed only a semicircular canal dysfunction in 20% of patients and central dysfunction in 8%. Basford et al. [14] stated significantly more frequent disturbances in the caloric and optokinetic tests in patients after head traumas. Thus, these results again indicate a very large variation in the population of patients studied. In addition, Fife and Kalra [28] , however, emphasize that the absence of disturbances detected in VNG test does not exclude the peripheral cause of ailments that may be related to abnormalities of the utricle and sacculus in patients after brain injury, which was presented in another publication [9] . In the present study, the compensation and normalization of the VNG records occurred in almost 40% of the patients after 6 months, while the central disorders were significantly more frequently identified in the remaining patients. Similarly, Naguib et al. [18] reported the withdrawal of subjective and objective features of the balance disorders evaluated with the use of the VNG test within 3 months after injury.
Patients with balance system dysfunction after head injury constitute a very diverse group, taking into account demographic and clinical considerations. Dizziness and sensation of postural instability usually make the patient seek specialized diagnostic examinations.
CONCLUSIONS
1. In patients after mild traumatic brain injury, about one fourth of them had vestibular system dysfunction with the same frequency of peripheral, central and mixed lesions in videonystagmography. 2. In patients with vestibular dysfunction after 6 months, intensity of subjective symptoms dependent on vestibular system decreased; however, more than half of these patients still had abnormal VNG results, mainly indicate central pathology.
